Elevate

Nature and Science of Sleep coyat

ORIGINAL RESEARCH

Effects of Sleep Quality, Acute Sleep Deprivation,
and Napping on Facial Emotion Recognition
Accuracy and Speed

Yujia Huang''%*, Yinan Li**, Tong Su?, Hao Wang?, Shuyu Xu?, Jingzhou Xu?, Sigi Zheng®, Jing Du?,
Yajing Wang (2, Ruike Zhang?, Yao Meng?, Xin Guo?, Lei Xiao?, Yunxiang Tang3

'Psychology Department, The Second Naval Hospital of Southern Theater Command, Sanya, People’s Republic of China; 2Department of Medical
Psychology, Faculty of Psychology, Naval Medical University, Shanghai, People’s Republic of China; 3Faculty of Psychology, Naval Medical University,
Shanghai, People’s Republic of China; “Department of Psychology, Tong]i University, Shanghai, People’s Republic of China

*These authors contributed equally to this work

Correspondence: Lei Xiao; Yunxiang Tang, Email xiaolei0237@|63.com; tangyun7633@sina.com

Objective: To investigate the effects of sleep quality, sleep deprivation, and napping on facial emotion recognition (FER) accuracy
and speed.

Methods: This research included a cross-sectional study (102 qualified participants) and a randomized controlled study (26 in the
napping group and 24 in the control group). The stimuli for the FER task were obtained from the Chinese Facial Affective Picture
System (CFAPS). Four facial expressions (fearful, disgusted, sad, and angry) were used. The Pittsburgh Sleep Quality Index (PSQI),
Self-Rating Anxiety Scale, and Self-Rating Depression Scale were used to measure participants’ sleep quality and psychological
conditions. In Study 1, FER ability was compared between good and poor sleepers. In Study 2, all participants were sleep-deprived for
one night, and completed the FER task before and after sleep deprivation. After different interventions (ie, napping for one hour, or
walking around for ten minutes), the participants completed the third FER task.

Results: Study 1: Poor sleepers were able to recognize sad expressions more accurately compared with good sleepers. Study 2: 30-h
sleep deprivation had no significant effect on the accuracy (ACC). Napping after sleep deprivation improved the FER ACC of upper-
face expressions and marginally significantly improved the FER ACC of disgusted expressions.

Conclusion: Better sleep quality was linked to lower FER accuracy, particularly in recognizing sad expressions, while no significant
differences in recognition speed were observed. Additionally, 30 hours of sleep deprivation did not affect FER accuracy, but napping
after sleep deprivation improved accuracy for upper-face and marginally for disgusted expressions.
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Introduction

Spoken language and non-verbal cues, including signs, gestures and facial emotions, were frequently used in daily social
interactions.” An impaired facial emotion recognition (FER) can lead to social and other negative psychological
outcomes. Impaired FER has been observed in populations with various disorders such as Alzheimer’s disease,® autism
spectrum disorder,” bipolar disorder,” insomnia,® and sleep deprivation.’

Sleep is a crucial physiological process in humans, and it is widely agreed upon that adults need at least seven hours
of sleep per day to maintain good health. Acute sleep loss can damage various cognitive functions including memory,®
attention,” emotion processing,'® and FER.'® Nowadays, many people suffer from sleep disturbances caused by various
factors such as anxiety disorders''"'? and smartphone addiction.'?

Facial expressions and recognition of facial expressions are closely related with our brain.'*'> Activity of the
amygdala of the brain is enhanced during the recognition of fearful and sad emotional faces,'> whereas patients with
insomnia disorders are found out atrophic changes in the amygdala.'® Thus, it could be hypothesized that sleep

disturbance could affect our ability to process facial expressions by influencing certain parts of our brain. Meanwhile,
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growing evidence has indicated that sleep disturbances might impair FER ability. Killgore et al’ found that sleep
deprivation is associated with significantly reduced accuracy (ACC) in identifying happy and sad facial expressions.
Helm et al found that sleep-deprived people blunted in the recognition of angry and happy expressions with moderate
emotional intensity, whereas no change was observed in the recognition of sad expressions.'” A large quasi-randomized
controlled study with a sample of 181 participants highlighted that FER ability is resilient to night sleep deprivation.'®
Consequently, there is still no consensus on the expression most affected by acute sleep loss.

Wegrzyn and his team found that, for healthy people, the eyes and mouth frequently rely on correctly recognizing
facial emotions. In addition, facial features play different roles in recognizing different emotions, as eyes are more
important for recognizing sadness and fear, and the mouth is more important for recognizing happiness and disgust."’
Therefore, masking different parts of the face may impair the FER ability. However, there were some conditions in which
the lower face needed to be masked, such as gas masks for military personnel®® or disposable face masks for medical
staff.?! During the COVID-19 pandemic, people were advised to wear face masks as a prevention tool to reduce airborne
transmission of the virus;** therefore, people need to communicate with others with their lower face masked. A recent
study showed that wearing masks can significantly affect FER ability.”> Moreover, insufficient sleep is common among
military personnel** and resident physicians.”® They sometimes had to wear face masks at work, and such “sleep debt”
could result in impaired cognitive function, decreased positive mood,”® and especially, FER ability. Nevertheless, no
study has examined the effects of sleep quality or sleep loss on partial facial recognition. Therefore, it is important to
investigate whether poor or insufficient sleep impairs FER.

Several strategies have been developed to counteract the side effects associated with insufficient sleep, such as
caffeine consumption and taking a short nap. A systematic review concluded that caffeine consumption after sleep
deprivation or restriction can improve attention, executive function, information processing, and memory.”” However,
caffeine could also have side effects such as tremors, irritability, and diuresis,?® and these negative effects may interfere
with work performance and daily life. Short-time napping, as an economical and feasible countermeasure, was shown to
be effective in restoring physical energy® and fatigue®® in individuals with insufficient sleep.*’ However, there is no
consensus on the duration of the nap to achieve the best restoration effect. According to cross-sectional research
conducted at the university where these participants were recruited, the nap duration was 60 (23.7) minutes, according
to 500 valid questionnaires. Thus, a 60-min afternoon nap was used as a countermeasure for sleep deprivation in this
study.

In conclusion, a cross-sectional experiment was conducted to examine the difference in FER ability between good and
poor sleepers. A randomized controlled trial will be performed to investigate the effect of one-night sleep deprivation on
FER and to what extent a 60-minute napping could restore FER ability.

The study received ethical approval from the Ethics Committee of the Naval Medical University (Proposal Number:
20210310041) and was registered on OSF.io in accordance with the Declaration of Helsinki.

Study |: Methods
Participants

This study plans to fit a linear regression model for the dependent variable using the generalized estimating equation
(GEE). It is expected that 10 independent variables will be included in the regression model, which are 3 main effects
(group, expression, face part), 2 interaction effects (group*face part, group*expression), and 5 covariates (age, gender,
education level, SAS, SDS). Previous research has shown that when building a linear regression model, the sample size
should be at least two times the number of independent variables in the model,** so based on the number of independent
variables predicted in the regression model, the minimum sample size for conducting this study was 20.

Participants were recruited through posters on school billboards and advertising posts on school forums and informed
consent was obtained prior to study commencement. Participants were eligible for this study if they fulfilled the
following requirements: (a) aged between 18 and 30 years, (b) had normal vision acuity, (c) did not have social anxiety

defined as scoring > 60 on the Liebowitz Social Anxiety Scale, and (d) had no severe psychiatric disorders. Out of 154
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individuals who registered for the study, only 102 met the inclusion criteria. Each participant was reimbursed by 50
Chinese Yuan for participation in the study.

Instruments

Facial Emotion Classification Task

The facial expression stimuli used in the facial emotion classification task are images of emotional faces from the
Chinese Facial Affective Picture System (CFAPS).**> These stimuli were produced by students or professional actors
from the Acting Department of the Chinese University. Stimuli from this database had a minimum recognition rate of 0.6,
with a resolution of 260x300 pixels. Stimuli masked by hair, moustache, or any other potential influencing factor were
not included in this study. Eighty stimuli representing four negative emotions (fear, anger, sadness, and disgust) were
selected from the database. Each facial emotion contained 20 stimuli, half of which was displayed on a male face. Upper
and lower face stimuli were created from the same 80 stimuli using Adobe Photoshop 2021. Thus, 160 half-face stimuli
with a resolution of 260x113 pixels were generated. The upper-face stimuli contained the eyebrows and eyes, whereas
the lower-face stimuli contained only the mouth. Figure 1 shows examples of half-face stimuli.

The entire facial expression recognition program was run on a computer with a black background. Participants were
asked to look at the computer screen and focus on the red cross sign at the center (fixation point) for 400 milliseconds.
Subsequently, the facial expression appeared for 500 milliseconds and vanished. Empty black screen appears for 300
milliseconds. A classification cue in Chinese appeared until the participants pressed any of the four appointed buttons (ie,
S, F, J, L). The experimental process is illustrated in Figure 2 (use whole-face section as an example).

The formal experiment consisted of three sections, respectively containing whole-face, upper-face, and lower-face
stimuli. The formal experiment consisted of 240 trials, with each section containing 80 trials. Three sections appeared in

(a) (b)

Figure | Sample of (a) upper-face stimuli; and (b) lower-face stimuli.

400-800ms

fear-S  sad-F
disqust-J anger-L

Figure 2 Procedure of FER task.
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random order. The participants had a rest interval of 30 seconds after every 40 trials. To help the participants become
familiar with the experimental procedure, they were instructed to start the FER task in a practice session containing 22
trials. If the correct rate was below 0.45, participants would need to restart the practice session.

Reaction time (RT) and ACC were recorded. ACC was calculated by dividing the number of correct responses by the
total number of trials, while RT was defined as the mean RT of trials with correct responses. Outliers were defined as
trials with Z scores of the corresponding Face Unit x expression subgroup greater than 3 or less than —3, and were
removed from the sample before data analysis.

Sleep Status

The Pittsburgh Sleep Quality Index (PSQI) was used to measure sleep quality. The PSQI contains 19 self-report items,
each of which can be sorted into seven subcategories: subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping medication, and time dysfunction. The score for each subcategory
ranged from 0 to 3 and the global score ranged from O to 21, with higher scores indicating poorer sleep quality. The PSQI
has an internal reliability of alpha = 0.83, test—retest reliability of 0.85 for the global scale, sensitivity of 89.6%, and
specificity of 86.5%.%*

Depression and General Anxiety

The Zung Self-Rating Anxiety Scale (SAS)* is a 20-item self-report scale, and responses are given on a 4-point scale
ranging from 1 (none of the time) to 4 (most of the time). The SAS was shown to have satisfactory internal consistency
(Cronbach’s alpha= 0.82)*® and concurrent validity (= 0.30, Taylor Manifest Anxiety Scale).>® The conversion to the
SAS Index (100-point scale) follows the following equation:

SAS Index = Raw score x 1.25

Similarly, the Zung Self-Rating Depression Scale (SDS)?” is a self-report scale containing 20 items, and responses are
given on a 4-point scale ranging from 1 (none of the time) to 4 (most of the time). Of the 20 items, 10 had an increasing
depression level, and the other 10 had a decreasing depression level. The conversion to SDS Index (100-point scale)
follows the following equation:

SDS Index = Raw score x 1.25

Procedure

The experiment was conducted in a warm, sound-attenuated room at the university. The questionnaires were completed in
a paper form, and the FER task was performed using E-prime 2.0 installed on computer. All subjects were prohibited
from drinking any beverage containing caffeine on the day before the start of the experiment. After the participants
arrived, they were asked to sign an informed consent form followed by questionnaires regarding basic demographic
information. Participants were then instructed to read the FER task guidance. Once they understood the guidance, they
started the FER task. The RT and ACC values of each trial were calculated and recorded. After completing the FER task,
participants were instructed to complete the remaining questionnaires, including the PSQI, SAS, and SDS.

Statistical Analyses
The developers of the PSQI questionnaire, Buysse et al, found that using a cutoff score of 5 on the PSQI total score, the
sensitivity to distinguish between individuals with poor sleep quality and those with good sleep quality was 89.6%, with
a specificity of 86.5% (Kappa = 0.75, P <0.001).** Therefore, in this cross-sectional study, a cutoff score of 5 on the
PSQI total score was used to divide the participants into two groups. Participants with a PSQI total score of five were
categorized into the good sleeper group, whereas those with a PSQI total score of six were categorized into the poor
sleeper group.

The participants’ characteristics and psychological information were compared between the two groups. For con-
tinuous variables, the mean and standard deviation (SD) were used for normally distributed variables, while the median
[interquartile range] was used for skewed variables. Ratios were used to present the results for categorical variables.
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Comparisons were assessed using ¢-tests for normally distributed continuous variables and the Mann—Whitney U-test for
continuous variables that did not conform to normality and homogeneity of variances. The Shapiro—Wilk test was used to
test normality, and Levene’s test was used to test homogeneity.

A GEE was developed based on the generalized linear model first proposed by Liang and Zeger in 1986.%% It is
a regression model for analyzing panel data using quasi-likelihood estimation methods to estimate parameters in
generalized linear models, specifically designed to analyze repeated measures data, including unbalanced longitudinal
data (ie, varying numbers of repeated measures and intervals between them) and skewed data.

The first study examined the effects of sleep quality on FER ability. GEE was used to model ACC and RT as
continuous outcomes through exchangeable correlation structures. Ten effects were included in the two GEE models,
including two within-subject effects—Face Part and Expression, one between-subject effect— group, two interaction
effects-The interaction between Group and Face Part, and the interaction between Group and Expression—and five
covariates: age, gender, education, SAS, and SDS. Post hoc comparisons between good and poor sleepers were
performed according to face and expression categories. P-values of post-hoc analyses were adjusted using the
Bonferroni correction.

All statistical analyses were performed using Statistical Package for the Social Sciences v.26 (SPSS, Inc. Chicago, IL,
USA), with a set at 0.05, to confirm statistical significance. The figures were generated using GraphPad Prism version 8.

Study I: Results

Participants Characteristics
The descriptive statistics of demographic and psychological information were presented in Table 1

The participants were divided into two groups based on a cutoff score of 5 on the PSQI. There were 49 participants in
the good-sleeper group and 53 in the poor-sleeper group. Good sleepers were significantly different from poor sleepers in
SAS and SDS. No significant differences were found in the age and gender distributions between the two groups.

Recognition Accuracy

The GEE model of FER ACC had one significant effect, SDS (*=4.28, P <0.05), and two marginally significant
effects — Group (y*=3.63, P =0.057), and interaction between Group and Expression (y°=6.84, P =0.077). Better sleep
quality predicted a lower FER ACC (B=—0.074, 95% CI (—0.124,-0.023)). Table 2 presents the model and parameter
estimates.

Table | Descriptive Statistical of Demographic Information and Psychological
Dimensions in Study |

Good Sleepers (n=49) Poor Sleepers (n=53) p
Age 21 [20,23] 21 [20,24] >0.05
Gender (F:M) 20:29 22:31 >0.05
PsQi°
Global score 4 [4,5] 7 [6,8] <0.01
sleep quality 1 [0,1] I [1,2] <0.01
sleep latency 1[0,1] 2 [1,2.5] <0.01
sleep duration 1 [0,1] I [0,1] <0.05
sleep efficiency 0 [0,0] 0 [0,0] <0.01
sleep disturbances 1 [1,1] 1 [1,1] <0.01
sleep medication 0 [0,0] 0 [0,0] >0.05
daytime dysfunction 1 [1,2] 2 [2,3] <0.0l
SDS¢ 37.5 [32.5,44.4] 45.0 [38.1,50.6] <0.01
SASP 32.5 [30.6,35.6] 37.5 [35,46.3] <0.01

Notes: Values are presented as median [interquartile range] and ratio. P-values were obtained using the
Mann-Whitney U-test for continuous variables and y” test for categorical variables. a: Pittsburgh Sleep
Quality Index, b: Self-Rating Anxiety Scale, c: Self-Rating Depression Scale.
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Table 2 Model Effects and Parameter Estimates of GEE
Model of FER ACC in Study |

ACC
Fa P B 95% CI
Intercept 5294 | <0.01 | 0.73 (0.58, 0.88)
Group 3.63 >0.05 - -
Poor Sleeper Reference
Good Sleeper 8.18 <0.01 | —0.07 | (-0.12, —0.02)
Expression 454.30 | <0.01 - -
Sad Reference
Angry 14.37 | <0.01 | —0.10 | (-0.16, —0.05)
Disgusted 36.60 | <0.01 | —0.14 | (-0.18, —0.09)
Fearful 4049 | <0.01 | 0.5 (0.10, 0.19)
Face Part 692.79 | <0.01 - -
Whole Reference
Lower 283.89 | <0.01 | —0.24 | (-0.26, —0.21)
Upper 176.40 | <0.01 | —0.15 | (-0.17, —0.13)
Groups*Face Part 1.15 | >0.05 - -
Group*Expression | 6.84 | >0.05 - -
Gender 0.27 >0.05 - -
Age (year) 0.50 >0.05 - -
Education 0.53 >0.05 - -
SDs® 428 | <0.05 - -
SAS 0.18 | >005 | - -

Notes: a: Self-rating Depression Scale; b: Self-Rating Anxiety Scale.

Post-hoc comparisons performed separately for each expression and face-part group showed that good sleepers were
less accurate at recognizing sad expressions, with an MD of —0.079 and 95% CI of (—0.124 to —0.035). The results of all

the post-hoc comparisons are presented in Table 3.

Recognition Speed
The recognition speed is recorded in ms. The model effects and parameter estimates are listed in Table 4. Group, the

interaction between Group and Face Part, and the interaction between Group and Expression had no significant effects on

Table 3 Post-Hoc Comparisons of ACC and RT Between Good Sleepers and
Poor Sleepers

ACC RT (ms)
MD(SE) Adjusted P | MD(SE) Adjusted P

All —0.23 (0.01) >0.05 85.35 (74.05) >0.05
Face Part

Lower —0.02 (0.02) >0.05 114.51 (106.63) >0.05

Upper —0.03 (0.02) >0.05 83.61 (81.18) >0.05

Whole —0.02 (0.02) >0.05 57.92 (79.16) 1.00
Expression

Sad —0.08 (0.02) <0.01 106.71 (80.78) >0.05

Fearful —0.01 (0.02) 1.00 124.76 (74.70) >0.05

Angry 0.00 (0.03) 1.00 8.81 (81.20) 1.00

Disgusted —0.01 (0.03) 1.00 101.10 (84.19) >0.05
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Table 4 Model Effects and Parameter Estimates of GEE Model of FER RT in Study |

RT (ms)
Ve [ B 95% CI

Intercept 0.12 >0.05 66.9 (=1107.7, 1241.6)
Group 1.33 >0.05 - -

Poor Sleeper Reference

Good Sleeper 0.82 >0.05 793 (—92.3, 250.9)
Expression 94.61 <0.01 - -

Sad Reference

Angry 11.36 <0.01 109.6 (45.9, 173.4)

Disgusted 3.00 >0.05 535 (-7.0, 113.9)

Fearful 27.45 <0.01 —211.4 (—290.5, —132.3)
Face Part 33.98 <0.01 - -

Whole Reference

Lower 14.75 <0.01 252.5 (123.6, 381.3)

Upper 1.60 >0.05 57.5 (-31.5, 146.4)
Groups*Face Part 0.34 >0.05 - -
Group*Expression 7.12 >0.05 - -
Gender 2.8l >0.05 - -
Age (year) 1.78 >0.05 - -
Education 7.54 <0.01 - -
SDS? 0.32 >0.05 - -
SAS® 0.34 >0.05 - -

Notes: a: Self-rating Depression Scale; b: Self-Rating Anxiety Scale.

FER RT (all P >0.05). Further post-hoc analyses showed that no significant difference between poor and good sleepers
was present in the FER RT of any stimulus subgroup. The results are presented in Table 3.

Study2: Methods

Ethical approval for this study was obtained from the Committee on Ethics of Medical Research, Naval Medical
University (Research Proposal No. 20210310041), and was registered in OSF.io.

Participants

The present study plans to fit a linear regression model using GEE on the dependent variable, and if randomization of the
groups is effective, there should be no significant differences in the distributions of variables such as baseline demo-
graphics, anxiety symptoms, depressive symptoms, social anxiety symptoms, and hours of sleep at night between the two
groups of subjects, and these variables may not be included in the regression model. Based on this assumption, it is
expected that 4 main effects (group, time point, expression category, face unit) and 3 interaction effects (group* time
point, group* time point* face unit, group* time point* expression) will be included in the regression model. Previous
research has shown that when building a linear regression model, the sample size should be at least two times the number
of independent variables in the model,>? so based on the predicted number of independent variables in the model, the
minimum sample size for conducting the present study was 14 individuals.

The participants were recruited through posters on the online forum of a university and informed consent was
obtained prior to study commencement. Participants had to fulfill the following requirements to be eligible for the
experiment: (a) aged between 18 and 30 years, (b) normal vision acuity, (c¢) denying having severe psychiatric disorders,
(d) having a habit of napping at noon (defined as a frequency of more than three times a week). 53 participants fulfill all
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the entry requirements and were included in the study. Participants were randomly assigned to either the napping or
control group using random number generated in Excel. Those who received a “1” were assigned to the control group,
while those who received a “2” were assigned to the napping group. Two participants dropped out of the experiment
during sleep deprivation, and another participant was excluded from the final data analyses for frequently falling asleep
during the FER task. In conclusion, data from 50 participants were used for data analysis.

Instruments
Same instruments as in task 1 and napping questionnaire were used.

Procedure

Three days before the start of the experiment, all the subjects were prohibited from drinking any beverage containing
caffeine. Each participant was asked to complete a sleep diary for three days prior to the experiment. All participants
gathered in an online group chat, and an assistant posted a sleep-diary link in the group chat at 6:00 AM. The participants
were required to fill out a sleep diary immediately after waking up. Staying up was forbidden. On the test day, all the
participants were asked to wake up at 6:00 AM and visit the laboratory at 11:20 AM. After completing questionnaires
about sleep and psychological characteristics, the participants started the first FER test at 12:10 PM (time point 1). The
participants were free to move around inside the laboratory; however, strenuous exercise was not allowed. Except for
bathroom visits and meals, they could only stay in the laboratory. During sleep deprivation, an assistant supervised
participants to prevent them from falling asleep. The assistant periodically patrols the laboratory and spends the rest of
the time on a raised platform observing the subjects to prevent them from falling asleep during the experiment. To keep
alert and focus, two assistants worked on a 4-hour shift during the night. The second test day consisted of two FER tasks.
To test the effect of sleep deprivation on FER ability, the first FER task of the day was set at 12:10 PM (Time Point 2).
After the test, participants were randomly assigned to the napping and control groups. Participants were not informed of
the details of the other group and were forbidden from talking about their own group’s requirements with others.
Participants in the napping group were allowed to nap in their dormitory from 12:40 to 14:00, and were instructed to fill
out a questionnaire about the napping situation immediately after waking up. To blind participants in the control group,
they were allowed to walk outside the laboratory from 12:40 to 12:50. The final FER test to examine the effect of
napping on FER ability was performed at 14:30 (Time Point 3).

Statistical Analyses
Basic information was compared between the two groups using the same statistical methods as in Task 1.

GEE was used to model FER ACC and FER RT as continuous outcomes through an autoregressive correlation
structure, which is suitable for data involving time-related variables.*” The second study aimed to examine the effect of
sleep deprivation and the subsequent short nap on FER ability. There were three within-subject variables (Test Session,
Face Part and Expression) and one between-subject variable (group). The two models with ACC and RT as dependent
variables included seven independent effects, with four main effects: Group, Test Session, Face Part, Expression, and 3
interaction effects— Group and Test Session, Group and Test Session and Expression, Group and Test Session and Face
Part. Other covariates (ie, age, gender, SAS, SDS, and PSQI) were included in the models if the two groups differed
significantly in these variables.

Post-hoc analyses were performed to determine the interaction between the groups and sessions. First, the
napping group was compared with the control group at time points 1, 2, and 3. For each group, the results were
compared between time points 3 and 2 and 2 and 1. In total, three horizontal and four longitudinal comparisons were
performed.

For the interaction among Group, Session, and Face Part, and the interaction among Group, Session, and Expression,
post-hoc comparisons were performed for each face part or expression in the same manner as described above. P-values
of post-hoc analyses were adjusted using Bonferroni correction.

Data analyses were performed using SPSS v.26, with a set at 0.05, to confirm statistical significance. The figures were
generated using GraphPad Prism version 8.
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Study 2: Results

Participants Characteristics

Demographic, psychological, and sleep conditions were compared between the two groups, and the results are presented in
Table 5. The sleep diary before the experiment showed that the mean and SD of nocturnal sleep duration was 6.74 (0.69) hours,
and no significant difference was found for the basic sleep duration between the two groups. All Participants in the napping
group successfully fell asleep at noon within 15 min, and the nap duration was 62.38 (13.53) minutes. Between-group
comparisons showed no significant differences in demographic, psychological, and sleep conditions at the initial stage.
Therefore, age, gender, PSQI, SDS, SAS, and nocturnal sleep were not included in the GEE model.

Recognition Accuracy
Table 6 presents the model effects and parameter estimates. The interaction between Group, Session and Expression, and the
interaction between Group, Session and Face Part were shown to have a statistically significant influence on ACC (P <0.05).
Post-hoc comparisons between different time points showed that the ACC at time point 3 was not significantly
different from that at time point 2 for the two groups (napping group: MD=0.0194, 95% CI (0.0024, 0.0363), adjusted
P >0.05; control group: MD=0.0101, 95% CI (=0.0141, 0.0343]).
adjusted P >0.05). No difference was found between the napping group and control group at time point 1
(MD=0.0075, adjusted P >0.05), indicating that there was no significant difference in the FER ACC between the two
groups at the initial stage. No significant change was observed between before and after sleep deprivation for both groups
(napping group: MD=-0.0176, 95% CI (—0.0366, —0.0016), adjusted P >0.05, control group: MD=-0.0038, 95% CI
(—0.0205, 0.0128), adjusted P >0.05).

Recognition Accuracy for Different Expressions
The FER ACC of the different groups was significantly different for different expressions. The change curves are shown
in Figure 3.

First, the ACC of the two groups at the same time point was compared horizontally. No significant differences were
observed between the control and napping group for any facial expression (ie, angry, disgusted, sad, and fearful) at the
three time points (all adjusted P >0.05).

Longitudinal comparisons of ACC between time point 2 and time point 1 showed no significant difference for all
facial expressions in the two groups (adjusted P >0.05). After different interventions, for disgusted expression, the
napping group showed a marginally statistically significant improvement (MD=0.0394, 95% CI (0.0092, 0.0696),
adjusted P =0.077), while the control group showed a non-significant improvement (MD=0.0241, 95% CI (—0.0039,
0.0521), adjusted P >0.05). No significant change was observed for angry, fearful, and sad expressions in both groups

Table 5 Comparisons of Demographic and Psychological Conditions Between Two Groups in

Study 2
Nap Group Control Group P Total
(n=26) (n=24)

Age (year) 20 [20, 21] 20 [20,22] >0.05 20 [20,21]
Gender (F:M) 11:15 I1:13 >0.05 22:28
PsQI° 5.23 (2.63) 5.50 [4,6] >0.05 5.00 [4,6]
sDsb 37.50 [31.10, 49.25] 42.54 (9.06) >0.05 42.10 (10.56)
SAS® 35.00 [31.00, 43.00] 36.67 (5.93) >0.05 36.50 [31.00, 42.00]
Nocturnal sleep (h) 6.79 (0.76) 6.70 (0.60) >0.05 6.74 (0.69)
Nap (min) 62.38 (13.53) - - -

Notes: Normally distributed variables were presented as mean (SD). Skewed distributed variables are presented as median
[interquartile range]. P was derived from independent t-tests or Mann-Whitney U-tests for skewed distributed variables,
ratios, and P in * test for categorical variables. a: Pittsburgh Sleep Quality Index, b: Self-Rating Depression Scale c: Self-Rating
Anxiety Scale.
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Table 6 Model Effects and Parameter Estimates of GEE Model of
FER ACC in Study 2

ACC
Ve P B 95% CI

Intercept 3745.67 | <0.01 | 0.59 (0.53, 0.65)
Group 0.01 >0.05 - -

Control Reference

Nap 1.54 >0.05 | 0.05 (-0.03, 0.13)
Session 5.06 >0.05 - -

Time point | Reference

Time point 2 0.08 >0.05 | 0.0l (—0.04, 0.06)

Time point 3 3.68 >0.05 | 0.05 (0.00, 0.11)
Expression 1.71 >0.05 - -

Sad Reference

Angry 3.10 >0.05 | 0.06 (-0.01, 0.13)

Disgusted 0.29 >0.05 | 0.02 (-0.05, 0.08)

Fearful 0.03 >0.05 | 0.0l (—0.05, 0.06)
Face Part 439.77 | <0.01 - -

Whole Reference

Lower 63.56 | <0.01 | —0.19 | (-0.23, —0.14)

Upper 21.01 <0.0l | =0.11 | (-0.15, —0.06)
Groups*Session 1.39 >0.05 - -
Group*Session*Face Part 18.49 <0.05 - -
Group*Session*Expression 19.18 | >0.05 - -

(angry: nap MD=0.0205 95% CI (—0.0041, 0.0451), control MD=—0.0029 95% CI (—0.0458, 0.0399); fearful: nap
MD=0.0133 95% CI (—0.202, 0.0469), control MD=—0.0155 95% CI (=0.0507, 0.0196); sad: nap MD=0.0042 95% CI
(—0.0429, 0.0514), control MD=0.0347 95% CI (—0.0108, 0.0803), all adjusted P >0.05).

Recognition Accuracy for Different Face Parts
The differences between face units in ACC recognition were relatively large; therefore, the changing curves of the three
face parts are shown in Figure 4.

Similarly, with regard to horizontal comparisons, no significant difference in the ACC between the napping and
control group was observed for lower-, upper-, and whole-face stimuli at the three time points (all adjusted P >0.05).

Further longitudinal comparisons between time point 3 and time point 2 demonstrated that 1-hour napping could
improve the ACC of upper-face stimuli (MD=0.0499, 95% CI (0.0206, 0.0791), adjusted P <0.01), while the control
group did not show significant improvement in the ACC of upper-face stimuli (MD=0.0090, 95% CI (—0.0220, 0.0399),
adjusted P >0.05). However, neither napping nor staying awake changed the ACC of lower face stimuli (nap:
MD=0.0099, 95% CI (—0.0182, 0.0381), adjusted P >0.05; control: MD<0.001, 95% CI (—0.0354, 0.0354), adjusted
P >0.05) or whole-face stimuli (nap: MD=-0.0017, 95% CI (—0.0371, 0.0336), adjusted P >0.05; control: MD=0.0213,
95% CI (-0.0150, 0.0576), adjusted P >0.05). Comparisons between time point 2 and time point 1 showed that no
significant effect on ACC was derived from 30-hour sleep deprivation for the lower face (nap: MD=0.0015, 95% CI
(—0.0257, 0.0286); control: MD=-0.0023, 95% CI (—0.0314, 0.0267), all adjusted P >0.05), upper face (nap: MD=
—0.0328, 95% CI (—0.0655, —0.0001); control: MD=-0.0080, 95% CI (—0.0396, 0.0235), all adjusted P >0.05), or whole
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Figure 3 Recognition accuracy of nap and control group as time advances for different expressions.
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Figure 4 Recognition accuracy of nap and control group as time advances for different face parts.

face (nap: MD=-0.0215, 95% CI (—0.0544, 0.0114); control: MD=-0.0011, 95% CI (—0.0352, 0.0329), all adjusted
P >0.05) stimuli in the two groups.

Recognition Speed
Table 7 presents the model effects and parameter estimates. The interaction between Group, Session and Expression had
a statistically significant influence on recognition speed (P <0.001).

No significant difference was observed between the two groups at any of the time points. A significantly higher FER
speed was observed after sleep deprivation in both the groups. RT at time point 2 was quicker than that at time point 1
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Table 7 Model Effects and Parameter Estimates of GEE Model of FER RT in

Study 2
ACC
Fa P B 95% Cl

Intercept 533.48 | <0.01 | 1060.85 (855.45, 1266.25)
Group 0.13 >0.05 - -

Control Reference

Nap 1.74 | >0.05 | —163.46 (—406.48, 79.56)
Session 1446 | <0.01 - -

Time point | Reference

Time point 2 1.05 >0.05 | —107.01 (-311.73, 97.71)

Time point 3 422 | <0.05 | —214.51 (—419.22, —9.80)
Expression 80.69 | <0.01 - -

Sad Reference

Angry 27.10 | <0.01 | —315.45 | (—434.22, —196.672)

Disgusted 6.66 | <0.05 | 179.84 (43.27, 316.41)

Fearful 0.51 >0.05 | -51.89 (—194.50, 90.72)
Face Part 23.41 | <0.0l - -

Whole Reference

Lower 550 | <0.05 | 187.34 (30.83, 343.85)

Upper 0.0l >0.05 7.64 (—182.31, 197.57)
Groups*Session 1.60 | >0.05 - -
Group*Session*Face Part 591 >0.05 - -
Group*Session*Expression | 43.51 | <0.01 - -

(MD = —159.47 ms, 95% CI (—241.73, —77.20), adjusted P <0.01). After different intervention, neither two groups
acquired significant improvement in FER speed (nap: MD=-13.50 ms, 95% CI (—144.85, 117.84), adjusted P >0.05;
control: MD=-64.16 ms, 95% CI (—174.91, 46.59), adjusted P >0.05).

Discussion

It was hypothesized that poor sleep quality or acute sleep loss could damage FER ability and that napping at noon could
eliminate this possible effect. This study examined four facial expressions (sadness, fear, anger, and disgust) and three
face parts (upper, lower, and whole) to investigate the impact of sleep quality and acute sleep loss on recognition of
negative expressions.

This cross-sectional study had a relatively large sample size of 102 participants, aiming to identify the impact of sleep
quality on the recognition of negative expressions. Contrary to the initial hypothesis, the results demonstrated that poor
sleepers were able to recognize sad expressions more accurately. However, a randomized controlled study confirmed that
30-h of sleep deprivation did not impair the recognition accuracy of sad, angry, disgusted, and fearful expressions,
whereas napping after sleep deprivation improved the recognition accuracy of upper-face stimuli.

Previous findings have shown that sleep-deprived people tend to rate neutral or positive emotional stimuli as more

4041 and respond more to negative events than to positive events.*? Similar to previous findings, the present

negative
study also indicates that poor sleepers may be more alert to negative stimuli. The association between poor sleep quality
and social anxiety has been identified,* and with the present findings that poor sleepers are better at recognizing sad
expressions, a new assumption could be raised regarding whether social anxiety in a population with poor sleep quality is

derived from the increased alertness of negative facial emotions. For example, if individuals are more sensitive to
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negative emotions and tend to misinterpret neutral expressions as negative, they are more likely to experience unfavor-
able social situations, leading to the manifestation of social anxiety.

A study including 65 patients with chronic insomnia disorder and 55 healthy controls found atrophic changes in the
amygdala of individuals with chronic insomnia disorder.'® Additionally, a meta-analysis indicated that people with
insomnia have reduced ability to accurately recognize fearful expressions.** These findings suggest that sleep problems
can lead to changes in the FER ability by influencing specific brain regions. A large meta-analysis found that there were
differences in the brain regions involved in the processing of different expressions, with the processing of sad expression
associated with activation of the right amygdala and left lingual gyrus, the processing of disgust expression associated
with activation of the bilateral insula and right thalamus, the processing of angry expression associated with activation of
the insula and right suboccipital gyrus, the processing of fearful expression associated with activation of the bilateral
amygdala, medial frontal gyrus.'> Combining the findings of previous research and the present study, we hypothesized
that poor sleep quality may lead to enhanced activity in the right amygdala or left lingual gyrus. However, given the
complexity of cognitive function and its brain mechanisms, this hypothesis needs to be verified in future studies.

Sleep deprivation could affect the function of the frontal lobe, thereby reducing its modulatory role in the amygdala,
leading to increased amygdala responsiveness to negative emotional stimuli*>*® or even rating neutral stimuli as
emotionally unpleasant.'®***> The present study found no change in the accuracy of recognizing sad and fearful
expressions after sleep deprivation, which may be explained by the possibility that subjects could have enhanced
amygdala activation after sleep deprivation, which is associated with the processing of fear and sadness,' thus
counteracting the negative cognitive effects of sleep deprivation.

However, the recognition accuracy for disgusted and angry emotions was resilient to one-night sleep deprivation.
There are two possible reasons for this. First, acute sleep deprivation could activate the right thalamus (associated with
processing disgusted expressions), right suboccipital gyrus (associated with processing angry expressions), or insula
(associated with processing disgusted and angry expressions). Second, the 30-hour sleep deprivation period may be too
short to exert a significant influence. In the present study, by visually checking the changing curves of the four negative
expressions, the recognition accuracy of angry expressions decreased most significantly with the accumulation of sleep
debt, although this change was not statistically significant. A previous study showed that sleep-deprived individuals
blunted in the recognition of angry expressions in the moderate emotional intensity range, whereas no change was
observed in the recognition of sad expressions.'” Our results also suggest that recognition of anger expression is more
vulnerable to sleep deprivation than recognition of fearful, sad, and disgusted expressions. Future studies should consider
extending the duration of sleep deprivation to examine whether the accumulation of “sleep debt” actually has the greatest
effect on the recognition of angry expressions.

The reaction time of the formal-session trials in Study 2 decreased after sleep deprivation. We speculated that the
number of practice session trials (22 trials) was insufficient. The practice effect was unavoidable in this study. As the
participants were not fully familiar with the FER task at time point 1, they might have performed worse than their true
ability. At time point 2, when participants became more familiar with the FER task, even if sleep deprivation could affect
their FER ability, the effects of sleep deprivation might have been counteracted. If all participants were fully familiar
with the FER task at the beginning, the ACC at time point 1 might be higher and the results at time point 2 might be
lower than those before sleep deprivation. However, this assumption could only be verified in future research by
including more practice session trials before starting the experiment.

Despite the influence of the practice effect, this study provides valuable evidence. Napping for one hour after sleep
deprivation improved the accuracy of recognizing upper face stimuli. No improvement was observed in the control
group, indicating that the improvement in FER accuracy of upper-face expressions after one-hour napping could not be
solely attributed to the practice effect. These results suggest that napping after sleep deprivation may enhance the ability
to recognize facial expressions partially covered by a face mask.
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Conclusions

Better sleep quality was associated with lower FER accuracy. Specifically, good sleepers were less accurate in
recognizing sad expressions compared to poor sleepers. No significant differences in FER speed were found between
good and poor sleepers.

30-h sleep deprivation had no significant effect on the FER accuracy. Napping after 30-h sleep deprivation improved
the FER accuracy of upper-face expressions and marginally significantly improved the FER accuracy of disgusted
expressions. However, given the limitation that the current study only contains 30-h sleep deprivation, future studies
should consider extending the duration of sleep deprivation to examine whether the FER ability could be further damaged
as the “sleep debt” accumulated. Meanwhile, unexpected and novel outcomes suggest that poor sleepers are more capable
of recognizing sad facial expressions than are good sleepers.

Data Sharing Statement

The data will be available from the corresponding author.

Funding
This work was supported by the Changzheng Hospital Pyramid Talent Project (2020) of Naval Medical University, and
the Logistics and Health Care Research Project (Grant number 20BJZ09).

Disclosure
The authors report no conflicts of interest in this work.

References

1. Dargue N, Sweller N, Jones MP. When our hands help us understand: a meta-analysis into the effects of gesture on comprehension. Psychol Bull.
2019;145(8):765-784. doi:10.1037/bul0000202
2. Elamin M, Pender N, Hardiman O, Abrahams S. Social cognition in neurodegenerative disorders: a systematic review. J Neurol Neurosurg. 2012;83
(11):1071-1079. doi:10.1136/jnnp-2012-302817
3. Mendonga De Melo Fadel T, De Carvalho RL S, Almeida Dos Santos TT B, Dourado MCN. Facial expression recognition in Alzheimer’s disease:
a systematic review. J Clin Exp Neuropsychol. 2019;41(2):192-203. doi:10.1080/13803395.2018.1501001
4. Davies H, Wolz 1, Leppanen J, Fernandez-Aranda F, Schmidt U, Tchanturia K. Facial expression to emotional stimuli in non-psychotic disorders:
a systematic review and meta-analysis. Neurosci Biobehav Rev. 2016;64:252-271. doi:10.1016/j.neubiorev.2016.02.015
5. Fulford D, Peckham AD, Johnson K, Johnson SL. Emotion perception and quality of life in bipolar I disorder. J Affect Disord. 2014;152—-
154:491-497. doi:10.1016/j.jad.2013.08.034
6. Zhang J, Chan AB, Lau EYY, Hsiao JH. Individuals with insomnia misrecognize angry faces as fearful faces while missing the eyes: an
eye-tracking study. Sleep. 2019;42(2). doi:10.1093/sleep/zsy220
7. Killgore WDS, Balkin TJ, Yarnell AM, Capaldi VF. Sleep deprivation impairs recognition of specific emotions. Neurobiol Sleep Circadian
Rhythms. 2017;3:10-16. doi:10.1016/j.nbscr.2017.01.001
. Cousins JN, Fernandez G. The impact of sleep deprivation on declarative memory. Prog Brain Res. 2019;246:27-53. doi:10.1016/bs.
pbr.2019.01.007
9. Owens J. Adolescent Sleep Working Group, Committee on Adolescence. Insufficient sleep in adolescents and young adults: an update on causes
and consequences. Pediatrics. 2014;134(3):¢921-932. doi:10.1542/peds.2014-1696
10. Tempesta D, Socci V, De Gennaro L, Ferrara M. Sleep and emotional processing. Sleep Med Rev. 2018;40:183-195. doi:10.1016/j.
smrv.2017.12.005
11. Baxter AJ, Scott KM, Vos T, Whiteford HA. Global prevalence of anxiety disorders: a systematic review and meta-regression. Psychol Med.
2013;43(5):897-910. doi:10.1017/S003329171200147X
12. Garbarino S, Bardwell WA, Guglielmi O, Chiorri C, Bonanni E, Magnavita N. Association of Anxiety and Depression in Obstructive Sleep Apnea
Patients: a Systematic Review and Meta-Analysis. Behav Sleep Med. 2020;18(1):35-57. doi:10.1080/15402002.2018.1545649
13. Yang J, Fu X, Liao X, Li Y. Association of problematic smartphone use with poor sleep quality, depression, and anxiety: a systematic review and
meta-analysis. Psychiatry Res. 2020;284:112686. doi:10.1016/j.psychres.2019.112686
14. Miiri RM. Cortical control of facial expression. J Comp Neurol. 2016;524(8):1578—1585. doi:10.1002/cne.23908
15. Fusar-Poli P, Placentino A, Carletti F, et al. Functional atlas of emotional faces processing: a voxel-based meta-analysis of 105 functional magnetic
resonance imaging studies. J Psychiatry Neurosci. 2009;34(6):418-432.
16. Gong L, Liao T, Liu D, et al. Amygdala Changes in Chronic Insomnia and Their Association with Sleep and Anxiety Symptoms: insight from
Shape Analysis. Neural Plast. 2019;2019:8549237. doi:10.1155/2019/8549237
17. van der Helm E, Gujar N, Walker MP. Sleep deprivation impairs the accurate recognition of human emotions. Sleep. 2010;33(3):335-342.
doi:10.1093/sleep/33.3.335
18. Holding BC, Laukka P, Fischer H, Bénziger T, Axelsson J, Sundelin T. Multimodal Emotion Recognition Is Resilient to Insufficient Sleep: results
From Cross-Sectional and Experimental Studies. Sleep. 2017;40(11). doi:10.1093/sleep/zsx145

o0

1650 "= Nature and Science of Sleep 2024:16

Dove!


https://doi.org/10.1037/bul0000202
https://doi.org/10.1136/jnnp-2012-302817
https://doi.org/10.1080/13803395.2018.1501001
https://doi.org/10.1016/j.neubiorev.2016.02.015
https://doi.org/10.1016/j.jad.2013.08.034
https://doi.org/10.1093/sleep/zsy220
https://doi.org/10.1016/j.nbscr.2017.01.001
https://doi.org/10.1016/bs.pbr.2019.01.007
https://doi.org/10.1016/bs.pbr.2019.01.007
https://doi.org/10.1542/peds.2014-1696
https://doi.org/10.1016/j.smrv.2017.12.005
https://doi.org/10.1016/j.smrv.2017.12.005
https://doi.org/10.1017/S003329171200147X
https://doi.org/10.1080/15402002.2018.1545649
https://doi.org/10.1016/j.psychres.2019.112686
https://doi.org/10.1002/cne.23908
https://doi.org/10.1155/2019/8549237
https://doi.org/10.1093/sleep/33.3.335
https://doi.org/10.1093/sleep/zsx145
https://www.dovepress.com
https://www.dovepress.com

Dove Huang et al @

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.
29.

30.

3

—_

32.

33.

34.

35.
36.

37.
38.

39.
40.

41.

42.

43.

44.

45.

46.

Wegrzyn M, Vogt M, Kireclioglu B, Schneider J, Kissler J. Mapping the emotional face. How individual face parts contribute to successful emotion
recognition. PLoS One. 2017;12(5):¢0177239. doi:10.1371/journal.pone.0177239

Bourassa S, Bouchard PA, Lellouche F. Impact of Gas Masks on Work of Breathing, Breathing Patterns, and Gas Exchange in Healthy Subjects.
Respir Care. 2018;63(11):1350-1359. doi:10.4187/respcare.06027

. Belkin NL. The evolution of the surgical mask: filtering efficiency versus effectiveness. Infect Control Hosp Epidemiol. 1997;18(1):49-57.

doi:10.2307/30141964

Esposito S, Principi N, Leung CC, Migliori GB. Universal use of face masks for success against COVID-19: evidence and implications for
prevention policies. Eur Respir J. 2020;55(6):2001260. doi:10.1183/13993003.01260-2020

Pazhoohi F, Forby L, Kingstone A. Facial masks affect emotion recognition in the general population and individuals with autistic traits. PLoS One.
2021;16(9):€0257740. doi:10.1371/journal.pone.0257740

Good CH, Brager AJ, Capaldi VF, Mysliwiec V. Sleep in the United States Military. Neuropsychopharmacol. 2020;45(1):176-191. doi:10.1038/
s41386-019-0431-7

Mansukhani MP, Kolla BP, Surani S, Varon J, Ramar K. Sleep deprivation in resident physicians, work hour limitations, and related outcomes:
a systematic review of the literature. Postgrad Med. 2012;124(4):241-249. doi:10.3810/pgm.2012.07.2583

Lo JC, Ong JL, Leong RLF, Gooley JJ, Chee MWL. Cognitive Performance, Sleepiness, and Mood in Partially Sleep Deprived Adolescents: the
Need for Sleep Study. Sleep. 2016;39(3):687—698. doi:10.5665/sleep.5552

Irwin C, Khalesi S, Desbrow B, McCartney D. Effects of acute caffeine consumption following sleep loss on cognitive, physical, occupational and
driving performance: a systematic review and meta-analysis. Neurosci Biobehav Rev. 2020;108:877-888. doi:10.1016/j.neubiorev.2019.12.008
Lindsay DR, Dyche J. Sleep Disturbance Implications for Modern Military Operations. AIR FORCE ACADEMY COLORADO SPRINGS CO; 2012.
MohamedChaabouni HO, YassineMahdouani K, TarakSouissi N. Diurnal napping after partial sleep deprivation affected hematological and
biochemical responses during repeated sprint. Biol Rhythm Res. 2018;49(5a6):1.

Driskell JE, Mullen B. The efficacy of naps as a fatigue countermeasure: a meta-analytic integration. Hum Fact. 2005;47(2):360-377. doi:10.1518/
0018720054679498

. Naitoh P. Minimal Sleep to Maintain Performance: the Search for Sleep Quantum in Sustained Operations. In: Stampi C, editor. Why We Nap.

Boston: Birkhauser; 1992:199-216. doi:10.1007/978-1-4757-2210-9_13

Austin PC, Steyerberg EW. The number of subjects per variable required in linear regression analyses. J Clin Epidemiol. 2015;68(6):627-636.
doi:10.1016/j.jclinepi.2014.12.014

Gong X, Huang YX, Wang Y, Luo YJ. Revision of the Chinese facial affective picture system. Chin Mental Health J. 2011;2011:1. doi:10.3969/].
issn.1000-6729.2011.01.011

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and
research. Psychiatry Res. 1989;28(2):193-213. doi:10.1016/0165-1781(89)90047-4

Zung WW. A rating instrument for anxiety disorders. Psychosomatics. 1971;12(6):371-379. doi:10.1016/S0033-3182(71)71479-0
Tanaka-Matsumi J, Kameoka VA. Reliabilities and concurrent validities of popular self-report measures of depression, anxiety, and social
desirability. J Consult Clin Psychol. 1986;54(3):328-333. doi:10.1037//0022-006x.54.3.328

ZUNG William WK. A Self-Rating Depression Scale. Arch Gen Psychiatry. 1965;12(1):63. doi:10.1001/archpsyc.1965.01720310065008

Zeger SL, Liang KY, Albert PS. Models for longitudinal data: a generalized estimating equation approach. Biometrics. 1988;44(4):1049-1060.
doi:10.2307/2531734

Hardin JW, Hilbe JM. Generalized Estimating Equations (GEE); 2012. doi:10.1007/978-1-4614-0499-6

Tempesta D, Couyoumdjian A, Curcio G, et al. Lack of sleep affects the evaluation of emotional stimuli. Brain Res Bull. 2010;82(1-2):104-108.
doi:10.1016/j.brainresbull.2010.01.014

Tempesta D, Salfi F, De Gennaro L, Ferrara M. The impact of five nights of sleep restriction on emotional reactivity. J Sleep Res. 2020;29(5):
€13022. doi:10.1111/jsr.13022

Pilcher JJ, Callan C, Posey JL. Sleep deprivation affects reactivity to positive but not negative stimuli. J Psychosomatic Res. 2015;79(6):657-662.
doi:10.1016/j.jpsychores.2015.05.003

Lima RA, de Barros MVG, Dos Santos MAM, Machado L, Bezerra J, Soares FC. The synergic relationship between social anxiety, depressive
symptoms, poor sleep quality and body fatness in adolescents. J Affect Disord. 2020;260:200-205. doi:10.1016/j.jad.2019.08.074

Huang Y, Du J, Guo X, et al. Insomnia and impacts on facial expression recognition accuracy, intensity and speed: a meta-analysis. J Psychiatr Res.
2023;160:248-257. doi:10.1016/j.jpsychires.2023.02.001

Yoo SS, Gujar N, Hu P, Jolesz FA, Walker MP. The human emotional brain without sleep--a prefrontal amygdala disconnect. Curr Biol. 2007;17
(20):R877-878. doi:10.1016/j.cub.2007.08.007

Gosselin A, De Koninck J, Campbell KB. Total sleep deprivation and novelty processing: implications for frontal lobe functioning. Clin
Neurophysiol. 2005;116(1):211-222. doi:10.1016/j.clinph.2004.07.033

Nature and Science of Sleep Dove

Publish your work in this journal

Nature and Science of Sleep is an international, peer-reviewed, open access journal covering all aspects of sleep science and sleep medicine,
including the neurophysiology and functions of sleep, the genetics of sleep, sleep and society, biological rhythms, dreaming, sleep disorders
and therapy, and strategies to optimize healthy sleep. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/nature-and-science-of-sleep-journal

Nature and Science of Sleep 2024:16 n ] in u Dove 1651


https://doi.org/10.1371/journal.pone.0177239
https://doi.org/10.4187/respcare.06027
https://doi.org/10.2307/30141964
https://doi.org/10.1183/13993003.01260-2020
https://doi.org/10.1371/journal.pone.0257740
https://doi.org/10.1038/s41386-019-0431-7
https://doi.org/10.1038/s41386-019-0431-7
https://doi.org/10.3810/pgm.2012.07.2583
https://doi.org/10.5665/sleep.5552
https://doi.org/10.1016/j.neubiorev.2019.12.008
https://doi.org/10.1518/0018720054679498
https://doi.org/10.1518/0018720054679498
https://doi.org/10.1007/978-1-4757-2210-9_13
https://doi.org/10.1016/j.jclinepi.2014.12.014
https://doi.org/10.3969/j.issn.1000-6729.2011.01.011
https://doi.org/10.3969/j.issn.1000-6729.2011.01.011
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/S0033-3182(71)71479-0
https://doi.org/10.1037//0022-006x.54.3.328
https://doi.org/10.1001/archpsyc.1965.01720310065008
https://doi.org/10.2307/2531734
https://doi.org/10.1007/978-1-4614-0499-6
https://doi.org/10.1016/j.brainresbull.2010.01.014
https://doi.org/10.1111/jsr.13022
https://doi.org/10.1016/j.jpsychores.2015.05.003
https://doi.org/10.1016/j.jad.2019.08.074
https://doi.org/10.1016/j.jpsychires.2023.02.001
https://doi.org/10.1016/j.cub.2007.08.007
https://doi.org/10.1016/j.clinph.2004.07.033
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Study 1: Methods
	Participants
	Instruments
	Facial Emotion Classification Task
	Sleep Status
	Depression and General Anxiety

	Procedure
	Statistical Analyses

	Study 1: Results
	Participants Characteristics
	Recognition Accuracy
	Recognition Speed

	Study2: Methods
	Participants
	Instruments
	Procedure
	Statistical Analyses

	Study 2: Results
	Participants Characteristics
	Recognition Accuracy
	Recognition Accuracy for Different Expressions
	Recognition Accuracy for Different Face Parts
	Recognition Speed

	Discussion
	Conclusions
	Data Sharing Statement
	Funding
	Disclosure

